This report describes the nonsurgical treatment of a patient with skeletal Class II protrusion and severe crowding. A 20-year-old woman presented with the chief complaint of lip protrusion and crowding. To correct the Class II relationship, severe crowding, and lip protrusion, distal movement of the maxillary first molars using indirect miniscrew anchorage and nickel-titanium coil springs, along with extraction of the first premolars and maxillary second molars, was planned. After the distal molar movement phase was complete, the maxillary first molars had moved 8.0 mm to the distal, and the first premolars, which were splinted to the miniscrews, had moved 0.5 mm to the mesial. The results show that the distal molar movement mechanics were efficient and stable. After treatment, all of the patient's chief complaints were relieved and an esthetic facial profile was obtained.
INTRODUCTION
Treatment of skeletal Class II in nongrowing individuals involves either surgical correction of the jaw abnormality or orthodontic camouflage, which usually requires extraction of the premolars or distal movement of the maxillary molars. Despite the good treatment results that are possible via orthognathic surgery, this option is generally declined because of its associated risks and costs. 1, 2 A variety of treatment modalities have been suggested for the distal movement of maxillary molars. Extraoral appliances such as a headgear have been used successfully. However, such modalities are heavily dependent on patient compliance, and some patients are averse to wearing a headgear for social and esthetic reasons. 3, 4 To avoid the need for patient compliance, several intraoral distal molar movement devices, such as the pendulum, 5, 6 distal jet, 7, 8 Jones jig, 9, 10 repelling magnets, 11, 12 and nickel-titanium (NiTi) coil springs, 12, 13 have been proposed. Conventional intraoral distal molar movement has relied mainly on a Nance button and the use of anterior teeth to reinforce anchorage. Although these methods often achieve acceptable results, anchorage loss is unavoidable and the mechanics are often difficult to control precisely. These problems can be overcome using temporary anchorage devices such as endosseous implants, miniplates, onplants, or miniscrews. With the help of these absolute anchorage systems, various successful methods of distal molar movement have been reported. [14] [15] [16] [17] [18] [19] [20] However, most of them have limitations, such as complicated surgical implantation, the need for additional laboratory procedures, difficult manipulation, and/or patient discomfort.
Of the various temporary anchorage devices, miniscrews have several advantages. They are relatively easy to place, inflict less trauma on the oral tissues, are stable under the optimal force exerted, and can bear force immediately after placement. Moreover, miniscrews are relatively inexpensive and have few limitations regarding implantation sites. This case report describes the treatment of a skeletal Class II adult with severe crowding using indirect miniscrew anchorage and NiTi coil springs. 
CASE REPORT Diagnosis
A 20-year-old woman presented with the chief complaints of lip protrusion and crowding. Her prior medical and dental history revealed no significant systemic problems, with no significant temporomandibular joint disorders. The initial clinical findings showed a convex facial profile associated with a retrognathic mandible, protrusive lips, and mentalis muscle strain (Figure 1) . The patient had a large overjet (6.0 mm) and a significant amount of crowding in both arches (maxilla 20.0 mm; mandible 11.0 mm). From the lateral view, a bilateral full-cusp Class II molar and canine relationship was apparent. Her maxillary dental midline deviated 1.0 mm to the right, and the mandibular dental midline deviated 2.0 mm to the right relative to the facial midline ( Figure 2) .
Cephalometric analysis indicated a skeletal Class II (ANB angle 9.1, Wits appraisal 1.5), a hyperdivergent profile with a steep mandibular plane angle (57.0), large Bjö rk sum angle (417.0), and uprighted maxillary and mandibular incisors (U1 to SN 93.3, IMPA 87.3) (Figure 3 ; Table 1 ). Based on this information, the patient was diagnosed with skeletal Class II protrusion with severe crowding.
Treatment Alternatives
Orthognathic surgery was suggested as the preferred treatment option. With this treatment option, premolar extractions are first performed to relieve the severe crowding. Two-jaw surgery with impaction of the maxilla and advancement of the mandible would be needed to address the Class II relationship, the hyperdivergent profile, the large overjet, and the lip protrusion. However, the surgical option was declined by the patient because of the surgical risks and high cost.
In terms of the orthodontic camouflage treatment alternative, the extraction of maxillary and mandibular first molars was considered as a second option, since the mandibular first molars had been treated endodontically. However, extraction of only the maxillary first molars would provide insufficient space to relieve the severe crowding and the large overjet in the maxillary arch, even with maximum miniscrew anchorage. In the mandible, the crowding could be relieved with extraction of the first molars, but eruption of the third molars would be unpredictable because of the limited posterior space, even if the second molars had moved mesially. For these reasons and in terms of overall benefit, extraction of all first molars was rejected as a treatment possibility.
The third option was distal maxillary molar movement using miniscrews. Both distal movement of the maxillary molars and extraction of premolars would be necessary, because all of the problems could not be solved by premolar extractions alone. Prior to distal molar movement, the space available was inspected by clinical and radiographic examination ( Figure 3 ). Because of the lack of posterior space for distal molar movement and because both the size and shape of the maxillary third molars appeared to be acceptable, extraction of the maxillary second molars was recommended for sufficient distal molar movement.
An occlusogram was drawn to ensure precise treatment planning. In the maxilla, 8.0 mm of distal molar movement on both sides was planned to achieve a Class I molar relationship. An additional 8.0 mm of space would be gained by extraction of the first premolars. As a result, the anterior retraction of 5.5 mm and the maxillary midline correction of 1.0 mm to the left side could be accomplished using these spaces. In the mandible, 2.5 mm of space in the right quadrant and 4.5 mm in the left quadrant would remain after extraction of the first premolars and relief of crowding. Therefore, anterior retraction of 2.5 mm and a mandibular midline correction of 2.0 mm to the left side were planned (Figure 4 ).
Treatment Progress
To ensure efficient distal maxillary molar movement and prevent undesirable side effects, miniscrews (7.0 mm length ϫ 1.8 mm diameter; Orlus, Ortholution, Seoul, Korea) were placed in the maxillary alveolar buccal bone between the second premolar and first molar on both sides. In the mandible, one miniscrew per side was placed between the second premolar and the first molar for maximum anchorage.
After primary stability was confirmed, the miniscrews in the maxilla were splinted to the first premolars with a 0.018 ϫ 0.025-inch stainless steel wire, ensuring indirect anchorage for distal molar movement. To apply the distal force, NiTi open-coil springs, guided by a 0.018 ϫ 0.025-inch stainless steel wire, were used between the maxillary first premolar and the first molar on both sides with a magnitude of 200 to 250 g. During distal molar movement, additional crimpable hooks were attached loosely, and continuous distal force was applied with an elastomeric chain ( Figure 5 ).
After 5 months, the maxillary first molars had moved approximately 4.0 mm distally, resulting in an end-toend Class II molar relationship. In the mandible, in which the first premolars had been extracted, leveling and alignment were in progress ( Figure 6A ).
After 8 months, distal maxillary molar movement of 8.0 mm was completed, and a Class I molar relation had been established on both sides ( Figure 6B ). The maxillary first premolars were then extracted and the maxillary anterior teeth were retracted after leveling and alignment ( Figure 6C ). The existing miniscrews between the second premolar and the first molar were removed to avoid interference with distal premolar movement. During leveling and retraction, new miniscrews were implanted distal to the maxillary first molar; these were used as anchorage for anterior retraction and to maintain the new distal positions of the molars ( Figure 6D ).
After 20 months, the treatment was complete, and the miniscrews were removed easily by the orthodontist without anesthesia. Lingual fixed retainers were bonded to both arches, and an additional removable circumferential retainer was placed on the maxillary arch to prevent relapse of the large amount of maxillary teeth movement and to secure the positions of the maxillary third molars. The patient was instructed to wear it only at night.
Treatment Results
A Class I molar relationship and a normal overjet/ overbite were achieved, and the maxillary and mandibular midlines were corrected ( Figure 7) . The protrusion of the upper and lower lips was corrected, and the strain of the mentalis muscle on lip closure was relieved. As a result, a harmonious facial profile was achieved (Figure 8 ). The final panoramic radiograph confirmed that the maxillary third molars on both sides had erupted successfully and were well aligned (Figure 9) .
On the cephalometric superimposition, the maxillary molar had moved to the distal by 7.5 mm. However, because the force was applied at the crown level, distal tipping (7.7 degrees) occurred during the active phase of distal molar movement. During the second phase of treatment, the angulation of the first molars was controlled with mesial tipping of 5.3 degrees, with a final angulation of 2.4 degrees distal relative to the initial position ( Table 2) .
The maxillary and mandibular anterior teeth were retracted 5.0 mm and 2.0 mm, respectively, as initially planned. This improved the upper and lower lip positions by placing them 1.0 mm and 1.3 mm in front of the esthetic line, respectively. Distal molar movement tends to increase the vertical relationship and worsen the skeletal Class II and hyperdivergent profile. However, the patient's vertical relationships were maintained because an intrusive force was applied to the maxillary molars during and after distal molar movement ( Figure 10 ; Table 1 ). The patient was satisfied with the tooth alignment and facial profile. Acceptable occlusion and normal overjet/overbite had been maintained after 1 year of retention ( Figure 11 ).
DISCUSSION
This case was characterized by Class II skeletal and dental patterns together with severe crowding. Therefore, maximum distal movement of the maxillary molars and extraction of the premolars were indicated. Consequently, sufficient distal molar movement was achieved without anchorage loss using indirect miniscrew anchorage and a NiTi coil spring. The first premolars, which were splinted to the buccal miniscrews, acted as absolute anchorage devices for the distal force, preventing mesial movement of the anterior teeth and completing the anterior retraction stage more rapidly and efficiently. Control of molar angulation was essential during the second phase of treatment. Root axis control was possible after the distal molar movement with little loss of anchorage, since the molars were tied to the newly implanted miniscrews. The vertical facial relationship was maintained because of the vertical control of the molars, which was easily controlled by the miniscrews.
Previous studies of distal molar movement using NiTi coil springs and a Nance button reported the fol- The rate of anchorage loss was evaluated by measuring the amount of movement and axis change on cephalograms obtained immediately after completing distal molar movement and debonding. During the 8 months of distal molar movement, the maxillary first molar moved to the distal by 8.0 mm and tipped 7.7 degrees distally. The maxillary first premolar moved to the mesial by 0.5 mm and tipped 0.9 degrees mesially. The maxillary incisors did not show any change. After treatment, the maxillary first molar had relapsed slightly to the mesial by 0.5 mm and tipped 5.3 degrees. Accordingly, the anchorage loss rate was 6.25%, which shows that the indirect anchorage with miniscrews was stable for distal molar movement ( Figure  12 ; Table 2 ). Although distal molar movement using miniscrews is a very effective and simple treatment modality, it is not a universally applicable method. First, the status of the second molars and the posterior space should be considered. In adolescent patients who are still growing, the maxillary posterior area, including the maxillary tuberosity, continues to grow as the maxillary molars move distally. 26 In addition, distal movement of the maxillary molars in adults has several limitations, such as the second molar space and limited posterior space. 27 Extraction of the third molars should be considered prior to distal molar movement after carefully inspecting the status of the second and third molars as well as the maxillary tuberosity. As shown in this case, extraction of the second molars instead of the third molars may be an alternative, depending on the respective situation. However, second molar extraction should be considered only after prudent inspection of the third molars. Successful eruption of the third molars after extraction of the second molars requires (1) confirmation of normal size and shape by radiographic examination; (2) favorable inclination of the third molars, with a 15-to 30-degree angle to the long axis of the first molar; and (3) performance of second molar extraction before Nolla developmental stage 8 (two thirds of root formed). [28] [29] [30] Second, the stability of the miniscrews must be monitored carefully during distal molar movement. If an undesired shift of the premolars that are splinted to the miniscrews takes place, the clinician must determine whether this shift is caused by mobility of the miniscrews or breakage of the splint bonding. The success rates of miniscrews have been reported to range from 83% to 93%. 31, 32 We investigated the failure rates of miniscrews that had been placed in our department between 2001 and 2005. Success was defined as a lack of mobility after application of force for 1 year. In 2001, the failure rate was 30.7%, but the failure rate decreased annually and was only 7.8% in 2005. This improvement in miniscrew stability can be attributed to improved surgical techniques as well as the advanced design of the miniscrews by trial and error. According to Liou et al, 33 miniscrews are not always stationary, although the average amount of tipping (0.4 mm) is not clinically remarkable. This finding was confirmed with the 0.5-mm mesial movement of the premolars in the present case. If a loss of anchorage above such limits is found, careful evaluation will be needed to determine the reason and its solution.
Third, the three-dimensional position of the molars should be controlled precisely in regard to arch form integrity, angulation, and vertical relationships. For example, in the case of segmental force application, an in-and-out position (first order) of the molars and arch form integrity are difficult to maintain, making careful monitoring very important. In terms of the second order, the angulation of molars must be controlled carefully because the line of force application through the center of resistance of the posterior segment can determine angulation of the molars during distal molar movement. If molars are tipped to the distal after molar movement, angulation control is required by root movement without relapse during the second phase of treatment. The vertical position during distal molar movement is controlled by the application of an intrusive force using miniscrews, preventing an increase in vertical facial height.
Finally, the periodontal condition should be considered carefully. Distal molar movement may cause inflammation and gingival enlargement in posterior regions. Therefore, a thorough examination of the periodontal condition should be completed before orthodontic treatment, and periodic periodontal management and radiographs are necessary during treatment. However, it is most important to remember that distal molar movement should not exceed anatomic and biologic limits.
CONCLUSIONS
The advantages of miniscrew anchorage and NiTi coil springs over conventional mechanics include:
• Treatment is simple and comfortable for both the patient and orthodontist.
• There is no need for additional laboratory work.
• There is no loss of anchorage, so the entire treatment time can be shortened.
• Treatment is esthetic because there is no need for bracketing of the anterior teeth during the distal molar movement phase.
• The amount of movement on each side is controllable, making it possible to apply an asymmetric force.
